INTRODUCTION
Concrete filled steel tubular (CFST) columns have high bearing capacity, excellent ductility and earthquake-resistant performances, and have been widely used as vertical components in high-rise buildings. By considering economic factors and fireproofing requirements, reinforced concrete beams are usually used together with concrete filled steel tubular columns to form frame structures. Due to the existence of steel tube, longitudinal reinforcement of RC beam cannot be anchored in the joint core conveniently; inner forces of beam end cannot be transferred to column efficiently. Therefore the design on RC beam to CFST column joints has become a key point and difficult problem, which has been a substantial influence on the application of the kind of column. Some approaches for the joint design were recommended in Chinese design code [1] , and some new types of joints were developed recently [2] [3] [4] . Measures as setting steel corbel, ring beam or small openings on steel tube for reinforcement bars are applied in these recommended joints, which have complicated structures and cause difficult design and construction. Two new type of RC beam to concrete filled steel tubular column joints are proposed here, by setting large openings and corresponding strengthening measures, the longitudinal reinforcement bars of beams can be anchored in the joint core, then the inner force transferring in the joints is easy to realize. Test study on the new joints under static load is presented in this paper, and the test results proved that the new joints have excellent bearing capacity and deformability.
II. DESCRIPTION OF THE TEST
The new RC beam to concrete filled steel tubular column joints proposed here include two types: in the first type, reinforced concrete ring beam are set outside of the steel tube and with large openings on the steel tube; in the second type, circumferential stiffening steel plates and vertical stiffening steel plates are set around the large openings on steel tube. In the first type of joint specimen, one circumferential stiffening steel plate is weld on the top of the ring beam outside of the steel tube. In the second type of joint specimen, there are three or five circumferential stiffening steel plates along the beam height. As the comparison specimens, precast RC beam to concrete filled steel tubular column joints without openings on steel tube are produced, the longitudinal reinforcement bars are welded on the pre-embedded plates in the beam, and the plates are welded with the steel corbels set on the steel tubes. In order to study the mechanics behaviors between concrete filled steel tubular column and RC circular columns, RC beam to circular column joint specimens are tested too.
22 joint specimens are made in the test, and there are four RC beams orthogonal to each other in each specimen. All the specimens have the same overall dimension, the specimen height is 1000mm. The diameter of columns is 300mm, beam area is 80mmX140mm, and wall-thickness is 3.2mm. The specimens set with RC ring beam and with large openings on the steel tubes are named as SJ1, the specimens strengthened with three circumferential stiffening steel plates and with large openings on the steel tubes are named as SJ2, the specimens strengthened with five circumferential stiffening steel plates and with large openings on the steel tubes are named as SJ3, the precast RC beam to concrete filled steel tubular column joint specimens are named as SJ4, and RC beam to circular column joint specimens are named as J5. The elevations of five type of specimens are shown as Figure 1 . The number of all specimens is list as Table 1. Test loading device is shown as Figure 2 , which includes 1000 ton fluid pressure operated jacks. The stain of steel tube, reinforcement and concrete are collected by strain gages, and the vertical deformation of columns are collected by displacement sensors. The vertical pressure is recorded by pressure sensors, whose time interval are 1 second. The strength of steel and concrete were measured before the tests, the steel strength is 248MPa to 289MPa, and the concrete strength is 30MPa. The loading test scheme is set as multistage loading, each stage of load is stable about 2 minutes before the next loading until the specimen is broken. The photo of test loading is shown as Figure 3 . 
THE ELEVATIONS OF SPECIMENS
Test loading device is shown as Figure 2 , which includes 1000 ton fluid pressure operated jacks. The stain of steel tube, reinforcement and concrete are collected by strain gages, and the vertical deformation of columns are collected by displacement sensors. The vertical pressure is recorded by pressure sensors, whose time interval are 1 second. The strength of steel and concrete were measured before the tests, the steel strength is 248MPa to 289MPa, and the concrete strength is 30MPa. The loading test scheme is set as multistage loading, each stage of load is stable about 2 minutes before the next loading until the specimen is broken. The photo of test loading is shown as Figure 3 . 
III. TEST RESULTS AND ANALYSIS

A. Failure Mode of Specimens
Typical failure mod of all the type of the specimens are shown as Figure 4 . For the four type of RC beam to concrete filled steel tubular column joints, the failure are focus above or under the intersections between beam and column, steel tube bulge at the same placement, and less concrete crush is observed at the RC ring beam in specimens SJ1. Serious crush are occurred at the top and bottom concrete of RC beam to circular column joint specimens J5, steel ring hoops are exposed. The results reveal that the RC beam to circular column joint specimens suffered more severe damage than RC beam to concrete filled steel tubular column joint specimens.
B. Strain and Deformations
The relationship diagram of circumferencial strain of steel tube or steel ring hoop to vertical load of all type of specimens is shown as Figure 5 . The result show that the circumferencial stress of steel tube do not yield, and the steel tubes are still in elastic situation till the concrete filled steel tubular columns suffer the ultimate loading. The cracking of welding seam does not occur during the whole tests. The deformation capacity diagrams of specimens are shown as From the test study the following conclusions can be drawn:
1. There are no significant differences between specimens SJ2 and SJ3, which are strengthened with three or five circumferential stiffening plates for large openings, with respect to ultimate bearing capacity and deformation capacity. Therefore, the joint with large openings strengthened with three circumferential stiffening plates can satisfy with the application demand.
2. The ultimate bearing capacity of joints with large openings by using strengthening measures does not decrease obviously, compared with the joints without large openings.
3. There similar ultimate deformation capacity for all the concrete filled steel tubular column joints, and their capacity is 250% higher than that of RC circular column joints.
4. As for concrete filled steel tubular column joints with large openings, the stiffness of the joint core is increased by strengthening measure, the circumferential deformation of joint core is less than that of other parts.
IV. CONCLUSIONS
Test study on the proposed new type of joints specimens shown that the ultimate strength and deformation capacity for the three types of connections with openings on steel tube do not decrease compared with that of the connection without openings on steel tube. The proposed RC beam to concrete filled steel tubular column joints with openings have enough energy dissipation capacity and their structures are simpler than the previous joints, therefore they can be widely applied in seismic design for high-rise building.
